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Abstract A comparative chromosomal evaluation was
carried out between Vigna unguiculata (cowpea) and
V. radiata (mung bean) with chromomycin A3 (CMA3)/
4’,6-diamidino-2-phenylindole (DAPI) banding and fluo-
rescent in situ hybridization (FISH) using 5S/45S ribo-
somal DNA (rDNA) probes. Both species had symmetric
karyotypes (2n = 22), with prevalence of centromeres in
chromosomes at median (m) and submedian (sm) regions
and chromosomes ranging in size from 2.1 to 1.25 lm
(V. unguiculata) and 2.18 to 0.93 lm (V. radiata). Three
different banding patterns were identified for V. unguicu-
lata: CMA3
?/DAPI0, CMA3
??/DAPI–, and CMA3
?/DAPI–.
The CMA3
?/DAPI0 bands were observed in the pericen-
tromeric regions of all chromosomes, while the CMA3
??/
DAPI– and CMA3
?/DAPI– bands were co-localized with the
45S rDNA in the subtelomeric position (chromosomes B,
G, and D, J, respectively) and in the proximal position in
chromosome F. Two pairs of chromosomes (D and I)
bearing interstitial 5S rDNA have been also identified.
Vigna radiata displayed CMA3
0/DAPI? bands distributed in
the centromeric region of chromosomes B, C, and F, while
CMA3
??/DAPI– bands were co-localized with the 45S
rDNA sites in the subtelomeric position of the short arm in
the F and K chromosome pairs. Three pairs of 5S rDNA
sites were identified, the first in the proximal region of the
long arm in chromosome E and the two others in the
proximal and subterminal positions in the long arm of
chromosome J. These data highlight some divergences
regarding the amount and composition of the heterochro-
matin in both species, allowing the identification of indi-
vidual chromosomes in V. unguiculata and V. radiata, and
a comparison with other members of the Phaseoloid clade.
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Introduction
The genus Vigna Savi (Fabaceae, Papilionoideae) belongs
to the Phaseoloid clade, tribe Phaseoleae (Marechal et al.
1978). Within this genus, both species—Vigna unguiculata
(L.) Walp. (subgenus Vigna, cowpea) and V. radiata (L.)
R. Wilczek (subgenus Ceratotropis, mung bean)—stand
out for their economic importance. Vigna unguiculata is an
important human protein source in many developing
countries in tropical and subtropical regions (Wander
2005), with 24% protein content and 340 calories for each
100 g of raw beans. Additionally, this crop has many
essential amino acids absent from other grains, besides
high levels of folic acid, low levels of antinutritional fac-
tors, and better digestibility when compared with other
beans (Ehlers and Hall 1997; Silva and Freire-Filho 1999).
Vigna unguiculata and V. radiata have small genomes
(613 and 579 Mb, respectively) (Arumuganathan and Earle
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1991), both with 2n = 22 chromosomes. Previous evalua-
tions of C-banding in V. unguiculata revealed a centro-
meric pattern in all chromosomes and the presence of
terminal bands in chromosome pairs 2, 4, and 5 (Galasso
et al. 1992, 1993), while chromomycin A3 (CMA3)/4
0,6-
diamidino-2-phenylindole (DAPI) staining revealed
CMA3
?/DAPI- bands in chromosome pairs 2, 3, 4, and 5,
with a total absence of DAPI? bands (Galasso et al. 1993,
1995, 1998). Additionally, fluorescent in situ hybridization
(FISH) with 45S ribosomal DNA (rDNA) probes revealed
four prominent sites in the subterminal regions of chro-
mosomes 2, 3, 4, and 5, and also an additional small site in
pair 10 or 11 (Galasso et al. 1995, 1998; Guerra et al.
1996). The prominent 45S rDNA sites were co-localized
with the CMA3
? bands, indicating the presence of GC-rich
heterochromatin associated to the nucleolus organizer
regions (NORs). The 5S rDNA probes hybridized in the
long arm of the NOR (45S rDNA) bearing pair 4 and in the
short arm of another nonidentified chromosome (Galasso
et al. 1995, 1998).
Galasso et al. (1995) also isolated and characterized an
AT-rich repetitive DNA sequence (DraI) from the
V. unguiculata genome with 488 nucleotides in length,
associated with the centromeric regions of all V. unguicu-
lata chromosomes after FISH. This sequence was species
specific, being absent in other Vigna species evaluated
[V. luteola (Jacq.) Benth., V. oblongifolia A. Rich.,
V. ambacensis Welw. ex Baker, and V. vexillata (L.)
A. Rich.] and in other legumes [Glycine max (L.) Merr.,
Phaseolus coccineus L., Vicia faba L., Pisum sativum L.,
and Lupinus luteus L.] as revealed by Southern blot assays.
The present work reassesses the karyotype of both
species also using CMA3/DAPI fluorochrome staining, as
well as FISH with 5S and 45S rDNA probes, revealing
some divergent features when compared with previously
published data. Since these basic features provide impor-
tant information for further construction of cytological
maps, their reassessment is relevant for future marker
associations, being here revisited and discussed.
Materials and methods
Vigna unguiculata ssp. unguiculata cv. BR14-Mulato and
V. radiata cv. Berken seeds were obtained from the
germplasm bank of the Embrapa Meio-Norte (Empresa
Brasileira de Pesquisa Agropecua´ria, Teresina) and the
Royal Botanic Gardens (Kew), respectively.
Root tips were pretreated with 2 mM 8-hydroxyquino-
line initially at room temperature (ca. 25C) for 1 h and
then at 8C for 17 h, fixed in absolute alcohol:glacial acetic
acid (3:1, v/v) for 2-24 h at room temperature, and stored at
-20C. Afterwards, they were washed three times in
distilled water and digested in a 2% cellulase (w/v, Ono-
zuka R-10, Serva) and 20% pectinase (v/v, Sigma-Aldrich)
solution for 180 min at 37C. Meristems were washed in
distilled water, squashed in a drop of 45% acetic acid, and
frozen in liquid nitrogen. The slides were stained with
DAPI (2 lg/mL):glycerol (1:1, v/v) solution to allow
selection of the best cells. Subsequently, they were
destained in ethanol:glacial acetic acid (3:1, v/v) for
30 min and transferred to absolute ethanol for 1 h, both at
room temperature. Slides were air-dried and aged for
3 days at room temperature. The aged preparations were
stained with CMA3 (0.5 mg/mL, 1 h) and DAPI (2 mg/mL,
30 min), mounted in McIlvaine’s buffer (pH 7.0):glycerol
(1:1, v/v), and stored for another 3 days (Schweizer and
Ambros 1994). After image capture, slides were destained
and storage at -20C for use in FISH experiments.
R2, a 6.5-kb fragment of a 18S–5.8S–25S rDNA repeat
unit from Arabidopsis thaliana (L.) Heynh (Wanzenbo¨ck
et al. 1997), and D2, a 500-bp fragment of a 5S rRNA
repeat unit from Lotus japonicus (Regel) K. Larsen (Ped-
rosa et al. 2002), were used as probes. Probes were labeled
by nick translation (Invitrogen) with digoxigenin-11-dUTP
(Roche) and biotin-11-dUTP (Sigma), respectively.
Slides previously used in CMA3/DAPI banding were
pretreated as described by Pedrosa et al. (2001). Chromo-
some and probe denaturation, post-hybridization washes,
and detection were performed according to Heslop-Harri-
son et al. (1991), except for the stringent wash, which was
performed with 0.1 9 saline sodium citrate (SSC) at 42C.
Hybridization mixtures consisted of 50% (v/v) formamide,
10% (w/v) dextran sulfate, 2 9 SSC, and 2–5 ng/lL probe.
The slides were denatured for 7 min at 78C and hybrid-
ized for 18–48 h at 37C. The digoxigenin-labeled probe
was detected using sheep anti-digoxigenin-fluorescein
isothiocyanate (FITC) (Roche) and amplified with anti-
sheep-FITC (Sigma), in 1% (w/v) bovine serum albumin
(BSA). The biotin-labeled probe was detected with mouse
anti-biotin (Dako) and the signal amplified with rabbit anti-
mouse tetramethylrhodamine isothiocyanate (TRITC)
conjugate (Dako), in 1% (w/v) BSA. All preparations were
counterstained and mounted with 2 lg/mL DAPI in Vec-
tashield (Vector).
Images of the best cells were acquired with a Leica
DMLB microscope and a Leica DFC 340FX camera, using
Leica CW 4000 software. All images were optimized for
contrast and brightness, while pictures regarding the DAPI
counterstaining were pseudocolored in gray, and the
merged pictures with the lighten tool in Adobe Photoshop
CS4 (Adobe Systems Incorporated) software.
Metaphase chromosomes of five cells with homoge-
neous chromatin condensing pattern stained with DAPI
were measured to obtain the relative chromosome size and
arm ratios (AR = length of the long arm/length of the short
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arm) according to Levan et al. (1964), using UTHSCSA
Image Tool software, for subsequent development of
mitotic idiogram with aid of Adobe Flash CS4 Professional
and Adobe Illustrator CS4 (Adobe Systems Incorporated)
software. The chromosomes were sorted according to their
size (in decreasing order) and identified by letters in order
to differ from the nomenclature used by Galasso et al.
(1993).
Results and discussion
Both species had symmetric karyotypes (2n = 22), with
prevalence of centromeres in chromosomes at the median
(m; AR = 1–1.7) and the submedian region (sm;
AR = 1.7–3.0), according to the nomenclature proposed
by Levan et al. (1964) (Figs. 1, 2). Chromosomes were
identified by letters (A–K) in descending size order
(Fig. 2), with no possible relation identified when consid-
ering the linkage group.
Chromosome sizes ranged from 2.1 to 1.25 lm for
V. unguiculata, with eight and three centromeres at median
and submedian region, respectively (Fig. 2). These values
were different in comparison with previous data (Adetula
2006), in which seven metacentric, one submetacentric,
one subtelocentric, and two telocentric chromosomes were
reported, with sizes varying from 3.64 to 2.78 lm. This
observed difference could be related to either variations in
the condensation levels of measured cells or divergences
between analyzed materials. On the other hand, in
V. radiata, chromosome sizes ranged from 2.18 to
0.93 lm, with ten and one chromosome pairs with cen-
tromere at median and submedian position, respectively
(Fig. 2).
A high amount of GC-rich heterochromatin was evident
in V. unguiculata, corresponding to approximately 25% of
the chromosome complement length. Three types of
CMA3
? bands were revealed, when considering their
intensity and association with DAPI: (1) CMA3
?/DAPI0
(DAPI neutral), (2) CMA3
?/DAPI–, and (3) CMA3
??/DAPI–
(Figs. 1a, b, 2), indicating a heterogeneous nature for the
V. unguiculata heterochromatin. The CMA3
?/DAPI0 bands
were prevalent, being distributed in the pericentromeric
regions of all chromosomes in V. unguiculata. This peri-
centromeric pattern represents part of the C-bands revealed
previously by Galasso et al. (1992, 1993), suggesting a
GC-rich heterochromatin. Besides the bands in the peri-
centromeric regions, the V. unguiculata chromosome
pairs B and G displayed prominent subtelomeric CMA3
??/
DAPI– bands co-localized with the 45S rDNA sites
revealed by FISH (Figs. 1b, c, 2). On the other hand, the
chromosomes D, F, and J showed CMA3
?/DAPI– bands co-
localized with the smaller 45S rDNA sites, distributed in
the subtelomeric regions of chromosomes D and J, and also
in the proximal region of chromosome F.
The prevalence of CMA3
? pericentromeric bands has
been generally observed in other Papilionoideae, as
described for Crotalaria juncea L. (Mondin et al. 2007),
P. lunatus L., P. vulgaris L. (Almeida 2006), and G. max
(unpublished data). As previously reported by Lin et al.
(2005) and Tek et al. (2010), despite being disposed in the
same heterochromatic domain, the pericentromeric and
centromeric regions of G. max are constituted by different
satellite DNA families, as GmCent-1 and GmCent-4, and
also by transposable elements as SIRE-1 and Calypso,
among others, which could justify the heterogeneity
observed in the genus Vigna, also from the Phaseoleae
tribe.
Fig. 1 Chromosomes of Vigna unguiculata (a–c) and V. radiata
(d–f) after staining with DAPI (a, d) and CMA3 (b, e) and in situ
hybridization with 5S and 45S rDNA probes (c, f). Letters indicate the
identified chromosomes considering the distribution of the DAPI?
bands, the 5S (red) and 45S rDNA (green) sites in c, d and f. Insertion
in f indicates the chromosome J, carrier of the 5S rDNA in V. radiata.
Bar in f = 10 lm
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No DAPI? bands were observed in V. unguiculata
(Fig. 1a), corroborating the observations of Galasso et al.
(1993) for V. unguiculata. However, after FISH procedure,
at least three chromosome pairs (A, D, and E, data not
shown in idiogram representation) displayed DAPI? bands
at centromeric regions (Fig. 1c). These bands seem to be
related to heterochromatin, but they are not necessarily AT
rich (Barros e Silva and Guerra 2009). Two of them have
the same intensity of CMA3
? bands, but in chromosome D
the post-FISH DAPI? bands were brighter.
The presence of five 45S rDNA loci with different sizes
and intensities in V. unguiculata was previously reported
by Galasso et al. (1995) and Guerra et al. (1996). These
authors identified four larger 45S rDNA sites in the chro-
mosomes 2, 3, 4, and 5, as well as a smaller proximal site
in chromosome pair 10 or 11. However, in the present
work the 45S rDNA sites were identified in the chromo-
somes B, D, G, and J (tenth largest pair) with an additional
proximal site observed in the chromosome F (sixth largest
pair), being distinct from the distribution previously
reported. The identified divergences are probably due to the
difficulty of identifying chromosome pairs, especially
regarding small pairs with high similarity in size and
morphology. However, the distribution of the rDNA sites
suggests that the chromosome D is the fourth chromosomal
pair described by Galasso et al. (1995) and Guerra et al.
(1996).
The 5S rDNA sites (CMA3
0/DAPI0) were observed in the
interstitial regions of the short arms in the chromosomes D
(bearing a 45S rDNA site in the long arm) and I (Figs. 1c, 2)
in V. unguiculata, similar to the number observed by
Galasso et al. (1995), but different from the arms suggested
previously for 5S and 45S rDNA sites in chromosome
4 (D).
The fluorochrome staining in V. radiata revealed two
types of heterochromatin: CMA3
0/DAPI? and CMA3
??/
DAPI–, revealing AT- and GC-rich regions, corresponding
to 2.5% and 5% of the chromosome complement length,
respectively (Figs. 1d, e, 2). The first type (CMA3
0/DAPI?)
was localized in the centromeric region of the chromo-
somes B, C, and F, while the second (CMA3
??/DAPI–)
occupied the subtelomeric region of the short arm in the
pairs F and K, also co-localizing with the here-identified
45S rDNA sites, which were previously reported for the
species by Khattak et al. (2007).
Three pairs of 5S rDNA sites were observed in
V. radiata. The first hybridized in the proximal region of
the long arm in the chromosome E, while the remaining
two appeared in the proximal and subterminal regions of
the long arm in chromosome J (Figs. 1f, 2). This pattern in
chromosome J was not described by Khattak et al. (2007)
and seems to be the result of lack of signal coalescence of
duplicated sites in some cells.
The different sizes of the 45S rDNA sites observed in
V. unguiculata, and possibly also the numeric variation
observed between V. unguiculata and V. radiata, could be
explained by the nonallelic recombination process. This pro-
cess can generate greater variability in size and number of loci
at intra- and interspecific levels, resulting from accumulation
and/or deletion of some repeat units (Hanson et al. 1996), as
previously described for P. vulgaris and P. lunatus (Pedrosa-
Harand et al. 2006; Almeida and Pedrosa-Harand 2011).
The karyotype analysis highlights the differences
regarding the heterochromatic fraction and the distribution
of the rDNA sites in V. unguiculata and V. radiata, prob-
ably reflecting processes of divergent evolution regarding
their repetitive sequences. It is interesting to note that
higher divergence could be observed in regard to the het-
erochromatin of V. radiata when considering the distribu-
tion of these sequences in other phaseoloids previously
described in the literature (Zheng et al. 1991, 1993;
Almeida 2006; Fonseˆca et al. 2010). In addition, the basic
idiogram showed here for both species will be valuable as
reference for the development of further cytogenetic maps
already in development by our group, integrating genomic
and transcriptomic markers and using coding and non-
coding sequences for macrosynteny comparison among
Phaseoloid species.
Fig. 2 Idiograms show the relative chromosome length, position of centromeres, distribution of the heterochromatin, and rDNA loci for
V. unguiculata and V. radiata chromosomes. Chromosomes are sorted in decreasing sizes and identified by letters
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